












































THAT  THE  MAIN  RECENT  BREAKTHROUGHS  HAVE  RATHER  BEEN 
ACHIEVED  IN  THE  DOMAIN  OF  THERMAL  APPLICATIONS  OF  THESE 
OPTICAL PROPERTIES )NDEED AS OPTICAL AND THERMAL RESPONSES 
ARE IN FACT CLOSELY BOUND GOLD NANOPARTICLES CAN BE CONSIDERED 
TOGETHER  AS  NANOMETRIC  HEAT  SOURCES  AND  PROBES  FOR  LOCAL 
TEMPERATURE  VARIATIONS  VIA  THEIR  OPTICAL  BEHAVIOUR  4HE 
ENERGETIC  CONVERSION  REALIZED  BY  GOLD  NANOPARTICLES  WHICH 
ARE ABLE  TO  TRANSFORM AT  THE NANOSCALE AN ELECTROMAGNETIC 
RADIATION INTO HEAT EMITTED TOWARD THEIR ENVIRONMENT ;= MAY 
BE INDEED RELEVANT IN NUMEROUS ½ELDS ,ET US MENTION SOME 
EXAMPLES  )N  PLASMONIC  DEVICES  ;=  LOCAL  HEATING MAY  ALTER 
THE  GUIDING  OF  THE  ELECTROMAGNETIC  WAVE  BY  GOLD 
NANOSTRUCTURES AND THEREFORE REQUIRES TO BE WELL CONTROLLED 
'OLD NANOPARTICLES ARE ALSO EXPECTED TO BE USED IN MICROSCOPY 
FOR  LABELLING  BIOLOGIC  CELLS  .ANOPARTICLE  HEATING  BY  LIGHT 
ABSORPTION ENABLES  TO MODIFY  THE OPTICAL  RESPONSE OF  THEIR 




TRANSMITTED  THROUGH  BIOLOGIC  TISSUES  AND  TRANSFORM  IT  INTO 
HEAT WHICH DIFFUSES  TOWARD  LOCAL  ENVIRONMENT  "Y USING AN 
APPROPRIATE TARGETING METHOD FOR CARRYING PARTICLES CLOSE TO 
AFFECTED  CELLS  THE  LATTER  WILL  BE  DESTROYED  BY  OVERHEATING 
;¯=  /NE  MAY  ALSO  TAKE  ADVANTAGE  OF  THIS  LOCAL  HEATING 







COLLOIDAL SOLUTIONS  INDUCED  LIGHT SCATTERING BY  FORMATION OF 
GAS BUBBLES AROUND GOLD COLLOIDS	 ;= -ETAL NANOPARTICLES 
ARE ALSO CONSIDERED AS MODEL DEFECTS FOR STUDYING THE DAMAGE 





NOT  ONLY  THE  BASIC  THEORETICAL  TOOLS  FOR  DESCRIBING  LINEAR 
OPTICAL PROPERTIES OF GOLD NANOPARTICLE ASSEMBLIES BUT ALSO 
ORIGINAL  APPROACHES  DEVELOPED  IN  OUR  GROUP  ALLOWING  TO 
DESCRIBE  THE  DYNAMICS  OF  THE  OPTICALTHERMAL  ENERGY 
CONVERSION IN SUCH NANOCOMPOSITE MEDIA 4HE CONSEQUENCES 





















WHICH  IMPOSES  ENERGY  CONSERVATION  ACCOUNTED  FOR  BY  THE 
$IRAC  FUNCTION  IN %Q  	  )NTEGRATION  IS PERFORMED OVER  THE 
"RILLOUIN ZONE ":	  )N GOLD THE POINTS   ONSET AT ^ E6 

















SINCE    WHATEVER    4HE  CONDUCTION  BAND  DENSITY  OF 
STATES    CAN  BE  DETERMINED  BY  SOLVING  THE  "OLTZMANN 
EQUATION AS WILL BE SHOWN BELOW  	 4HE CONDUCTION 
BAND  BEING  ISOTROPIC  ;=  THE  INTEGRATION  OVER  WAVE 
VECTOR IS REPLACED BY THE EQUIVALENT INTEGRATION OVER ENERGY 
/NE  ½NALLY  CALCULATES    WHICH  DEPENDS  ON  THE 
BAND  STRUCTURE  CHARACTERISTICS  AS  ENERGIES    AND    AND 
EFFECTIVE  MASS    AROUND  THE  ":  POINTS  INVOLVED  ,ET  US 
UNDERLINE THAT WHEN ONE AIMS AT DETERMINING THE MODI½CATION 
OF    IN GOLD INDUCED BY THE ABSORPTION OF AN ULTRAFAST LASER 



































  IS  THE  VOLUME  PLASMA  CIRCULAR  FREQUENCY  AND    IS  A 
PHENOMENOLOGICAL  CONSTANT  ACCOUNTING  FOR  ALL  THE  COLLISION 
PROCESSES  EXPERIENCED  BY  THE  CONDUCTION  ELECTRONS WHICH 










THE  TOP OF  THE D BAND  TO  STATES  JUST  ABOVE  THE  &ERMI  LEVEL 
 	  IN  THE  CONDUCTION  BAND  4HUS  BELOW  THIS  THRESHOLD 
 &OR GOLD THIS THRESHOLD LIES IN THE VISIBLE AT ^ E6	 
;= WHICH EXPLAINS ITS COLOUR IN THE BULK STATE #ONTRARILY TO 
THE  INTRABAND  CONTRIBUTION  TO  THE  DIELECTRIC  FUNCTION  THE 
INTERBAND  ONE  CANNOT  BE  EVALUATED  THROUGH  A  CLASSICAL 
APPROACH  )NDEED  IT  IS  NECESSARY  TO  SUM  OVER  ALL  POSSIBLE 












302	  PHENOMENON  ARISES  )NDEED  ELECTRONS  EXPERIENCE  THE 
SAME  HOMOGENEOUS  ELECTROMAGNETIC  ½ELD  AND  RESPOND 
COLLECTIVELY FROM A QUANTUM POINT OF VIEW IT CORRESPONDS TO 
THE  COHERENT  EXCITATION  OF  ELECTRONIC  TRANSITIONS  WITHIN  THE 
CONDUCTION BAND	  4HIS  REMARKABLE PROPERTY  ALSO  APPEARS  IN 
THE EXPRESSION OF THE EXTINCTION CROSS SECTION OF A METAL SPHERE 
GIVEN BY THE -IE THEORY AT THE DIPOLAR ELECTRIC ORDER ;= !T 




RECENT  TECHNOLOGICAL  DEVELOPMENTS  IN  VARIOUS  ½ELDS  LIKE 
NONLINEAR OPTICS ;= SENSORS OR BIOMEDICAL IMAGING ARE BASED 
ON THIS PROPERTY )N A VERY SIMPLE APPROACH CONSISTING IN SOLVING 








CONSIDERATIONS  USING  MACROSCOPIC  PARAMETERS  AS  DIELECTRIC 
FUNCTIONS  THE  ORIGIN  OF  THE  LOCAL  ½ELD  ENHANCEMENT  IS  OFTEN 
KNOWN AS DIELECTRIC CON½NEMENT
)N GOLD AND COPPER NANOPARTICLES THE 302  IS  LOCATED  IN THE 
VISIBLE AND PRESENTS A LOWER OSCILLATOR STRENGTH THAN IN SILVER FOR 
WHICH  THE  302  PEAKS  IN  THE  NEAR  56  4HIS  STEMS  FROM  THE 
SIGNI½CANT  COUPLING  IN  THE  FORMER  CASE  BETWEEN BOUND  AND 
QUASIFREE ELECTRON TRANSITIONS  )N ADDITION  THE  LARGER  THE HOST 
MEDIUM REFRACTIVE INDEX THE HIGHER THE 302 OSCILLATOR STRENGTH 












MEDIUM  CONSISTING  OF  AN  ASSEMBLY  OF METAL  NANOPARTICLES 
SPREAD IN A DIELECTRIC HOST THE ±ENSEMBLE EFFECTS² HAVE TO BE 
TAKEN  INTO ACCOUNT AS  SOON AS  THE DENSITY OF NANOPARTICLES 
REACHES A SUF½CIENT VALUE -ETAL VOLUME FRACTION p  IS  THEN 
THE RELEVANT PARAMETER ALONG WITH THE SPATIAL ARRANGEMENT OF 
THE  PARTICLES 7ITH  INCREASING p MEAN  ½ELD  EFFECTS  APPEAR 




MATERIAL  MORPHOLOGY  AND  A  SPECI½C  CONCENTRATION  RANGE 
4HEY GENERALLY PROVIDE AN ANALYTICAL DESCRIPTION OF THE WHOLE 
MEDIUM  EFFECTIVE  OPTICAL  RESPONSE  THROUGH  ITS  EFFECTIVE 
DIELECTRIC FUNCTION GIVEN THE DIFFERENT INDIVIDUAL CONSTITUENT 
ONES 4HE PIONEERING AND MOST KNOWN ONE  IS  THE -AXWELL
'ARNETT  THEORY  -'4	  ;=  WHICH  SUPPOSES  NO  INTERACTION 
BETWEEN  METAL  SPHERES  AND  IS  THUS  LIMITED  TO  WEAKLY 
CONCENTRATED MEDIA TYPICALLY  p^ AT THE 302 THE PRECISE 
p RANGE FOR ITS VALIDITY ACTUALLY DEPENDS ON WAVELENGTH	 
%FFECTIVE  MEDIUM  THEORIES  ALLOW  THE  MODELLING  OF  THE 
ELECTROMAGNETIC  RESPONSE  OF  AN  INHOMOGENEOUS  MEDIUM 
WHILE  KEEPING  THE  FORMALISM  APPROPRIATE  TO  HOMOGENEOUS 
MEDIA (OWEVER THE HYPOTHESES THEY IMPOSE REGARDING THE 
SHAPE  AND  SIZE  OF  THE  PARTICLES  THEIR  DISTANCE  SPATIAL 
ARRANGEMENT CONCENTRATION AND ENVIRONMENT IN THE MEDIUM 
RESTRICT  THEIR  VALIDITY  OR  LEAD  TO  DEVELOP  MORE  AND  MORE 
COMPLEX MODELS !N ALTERNATIVE APPROACH CAN BE CONSIDERED 
THANKS  TO  HIGH  POWER  NUMERICAL  COMPUTING  POSSIBILITIES 
'IVEN  A  VIRTUAL  SAMPLE  WITH  ½NITE  VOLUME  ONE  SOLVES 
NUMERICALLY  THE  EQUATIONS  DESCRIBING  MATERRADIATION 
INTERACTION IN THIS VOLUME AS -AXWELL EQUATIONS OR GENERALIZED 
-IE THEORY IN ORDER TO DETERMINE THE LOCAL ELECTROMAGNETIC 
½ELD  TOPOGRAPHY  4HE  VIRTUAL  SAMPLE MAY  BE  CHOSEN  AS  TO 




TOPOGRAPHY  IN  ASSEMBLIES  OF  SPHERICAL  GOLD  NANOPARTICLES 
RANDOMLY SPREAD IN A TRANSPARENT HOST MEDIUM 0ARTICLE SIZE 
IS  SUPPOSED  TO  BE  MUCH  LOWER  THAN  THE  WAVELENGTH  4HIS 























4HIS  IS  THE CONSEQUENCE OF  THE MEAN ½ELD EFFECT  THE -'4 
DOES NOT TAKE  INTO ACCOUNT  INTERACTIONS BETWEEN PARTICLES	 
/NE  ALSO OBSERVES  AN  INCREASE OF  THE  302  ABSORPTION BAND 
MAGNITUDE SIMPLY DUE TO THE INCREASE OF METAL AMOUNT THE 
DIELECTRIC  MEDIUM  BEING  TRANSPARENT  7E  HAVE  RECENTLY 
ANALYZED THROUGH SIMPLE CASES THE ROLE OF PARTICLE INTERACTIONS 
ON  THE  LOCAL  ½ELD  PROPERTIES  DEPENDING  ON  THE  PARTICLE 
ARRANGEMENT  AND  APPLIED  ½ELD  POLARIZATION  &OR  THIS  THE 
MULTIPLESCATTERING  APPROACH  DESCRIBED  ABOVE  HAS  BEEN 













VALUE  ENSURING  THAT  THE MINIMUM  INTERPARTICLE  DISTANCE  IS 
COMPATIBLE  WITH  THE  CONVERGENCE  OF  THE  CALCULATION  THE 
VALUE  OF      BEING  IMPOSED  AS  TO  KEEP  A  REASONABLE 
COMPUTING  TIME  &IGURE   PRESENTS  THE  CALCULATED  DATA  FOR 
TWO  DISTRIBUTIONS  ONE  A	  HAVING  A  WEAK  CONCENTRATION 
p	 THE OTHER B	 A HIGH ONE p	 4HE VIRTUAL SAMPLES 
ARE ALSO  SHOWN AT  THE  SAME  SCALE  IN  THE  RESPECTIVE  INSERTS 
4HE QUANTITY REPORTED IS THE SPECTRAL VARIATION OF THE RELATIVE 
LOCAL  ½ELD  INTENSITY  ^ 	  AVERAGED  IN  EACH  PARTICLE  OF 
THE DISTRIBUTION ALONG WITH ITS MEAN VALUE IN THE SAMPLE &OR 
EVALUATING THIS MEAN VALUE THE PARTICLES LOCATED AT THE EDGE 
OF  THE  SAMPLE  CORRESPONDING  TO  ABOUT    OF  THE  TOTAL 







IN  THE  VIRTUAL  SAMPLE  3UCH  A  BEHAVIOUR  HAS  ALREADY  BEEN 
HIGHLIGHTED  IN  BIDIMENSIONAL  SEMICONTINUOUS  GOLD  ½LMS 
EXISTENCE OF HOT SPOTS  FOR  THE  LOCAL ½ELD	  ;¯= 4HE RED
SHIFT OF THE 302 MAXIMUM WITH INCREASING p IS RETRIEVED FOR THE 




APPLIED  ½ELD  POLARIZATION  WHICH  SHOULD  BE  CON½RMED  BY 
FURTHER INVESTIGATIONS )T  IS WORTH NOTICING HOWEVER THAT THE 
MEDIUM  THIRDORDER  OPTICAL  NONLINEAR  RESPONSE  WHICH  IS 
SENSITIVE TO THE PRODUCT    ;= MAY EXHIBIT A VOLUME 
MEAN VALUE LARGER THAN IN THE CASE OF AN ISOLATED PARTICLE /NE 
CAN  ½NALLY  NOTICE  ON  &IG    THAT  THE  REDUCING  OF  THE  INTER
PARTICLE DISTANCE ASSOCIATED WITH THE INCREASE OF p LEADS TO THE 
ASYMMETRIC  BROADENING  OF  THE MEAN  302  BAND  ABSORPTION 
BEING  ENHANCED  IN  ITS  RED  TAIL  4HIS  FACT  STEMS  FROM  THE 
















































































IN  NANOCOMPOSITE  MEDIA  UNDER  PULSED  LASER  EXCITATION  ¯ 
DEPENDING ON PULSE DURATION AND ENERGY PARTICLE ENVIRONMENT 
AND  METAL  CONCENTRATION  ¯  BY  ACCOUNTING  FOR  THE  RELEVANT 
PHYSICAL  MECHANISMS  INVOLVED  (ERE  WE  PRESENT  THE  MAIN 
DIFFERENT APPROACHES AND THE MOST RECENT DEVELOPMENTS 
4HE RESPONSE OF A NANOCOMPOSITE MEDIUM TO A LASER PULSE IS 
RULED BY  A  SERIES  OF  DIFFERENT MECHANISMS  EACH EXHIBITING  ITS 
OWN DYNAMICS  ;¯=  LIGHT  ENERGY  ABSORPTION  BY  ELECTRONS 
REDISTRIBUTION  WITHIN  THE  CONDUCTION  ELECTRON  GAS  THROUGH 




EXCITATION  ¯  HAS  BEEN  WIDELY  INVESTIGATED  BY  SEVERAL  GROUPS 
;=  7E  WILL  ONLY  GIVE  HERE  SOME  BASIC  ELEMENTS 




&OR  SAKE OF  SIMPLICITY WE  CONSIDER  AN  EXCITATION  AT  PHOTON 
ENERGY LOWER THAN THE )" TRANSITION THRESHOLD )N THE OPPOSITE 






PHONON  SCATTERING  CONVERTS  ENERGY  INTO  HEAT  WITHIN  THE 
PARTICLE  THE  TEMPERATURE    OF  WHICH  RISES  .OTE  THAT  THE 
NOTION OF  TEMPERATURE  IN  ITS  STRICT  STATISTICAL DE½NITION  IN A 
METAL OBJECT SMALLER  THAN THE HEAT CARRIER MEAN FREE PATH 
MAY  BE  QUESTIONABLE      WILL  RATHER  BE  CONSIDERED  AS  A 
MEASURE  OF  THERMAL  INTERNAL  ENERGY  4HE  ATHERMAL  REGIME 
CORRESPONDS  TO  THE  PHASE  DURING  WHICH  THE  ELECTRON 











EXCITATION  CAN  BE  CONSIDERED  AS  HOMOGENEOUS  WITHIN  THE 
ELECTRON  GAS  %LECTRON  DIFFUSION  IS  THEN  IGNORED  IN  %Q  	 
-OREOVER WE NEGLECT THE IN¾UENCE OF THE SURROUNDING MATRIX 
4HIS  REMAINS  JUSTI½ED AT  SHORT DELAYS AFTER PULSE ABSORPTION 





AND ELECTRONPHONON COLLISIONS  RESPECTIVELY  4HESE  LAST  FEW 
YEARS SEVERAL RESEARCH GROUPS HAVE DEVELOPED AND CARRIED OUT 
MORE OR  LESS  RE½NED METHODS  ALLOWING  TO  SOLVE  "OLTZMANN 
EQUATION IN ORDER TO DESCRIBE THE ATHERMAL REGIME IN NOBLE 
METALS  ;¯=  7E  HAVE  ELABORATED  AN  APPROACH  PARTLY 
SIMILAR  TO  THE  ONE  PREVIOUSLY  REPORTED  IN  2EFS  ;¯= 




$EPENDENT  ON  TIME  AND  ELECTRON  ENERGY    THE 
SOURCE  TERM  IS  PROPORTIONAL  TO  THE  INSTANTANEOUS  POWER 










RESULTING  FROM  SCREENED  #OULOMB  SCATTERING  WITH  OTHER 
ELECTRONS )N THE WEAK PERTURBATION CASE THE ,ANDAU THEORY 
OF  &ERMI  LIQUIDS  ALLOWS  TO  APPLY  THE  TIME  RELAXATION 
APPROXIMATION FOR DESCRIBING THE ½RST CONTRIBUTION ;= 4HE 
CORRESPONDING  ELECTRON  LIFETIME  VARIES  AS   
4HE CLOSER THE ENERGY TO   THE WEAKER THE E¯E SCATTERING 
PROBABILITY WHICH IS A DIRECT CONSEQUENCE OF 0AULI PRINCIPLE 
  REPRESENTS  THE  LIFETIME  THE  ELECTRON  WOULD  HAVE  IN  THE 
ABSENCE  OF  THIS  EXCLUSION  PRINCIPLE  )T  IS  EVALUATED  BY 
CONSIDERING  IT  AS  A  ½TTING  PARAMETER  OF  THE  MODEL  AND 
COMPARING WITH RESULTS OF RELAXATION DYNAMICS MEASUREMENTS 
REPORTED IN THE LITERATURE )TS VALUE THEN RANGES WITHIN ¯ 
FS  4HE  SECOND  CONTRIBUTION  TO  E¯E  SCATTERING  IS  CALCULATED 
















FOR  THE  RELATIVE  WEIGHT  OF  BOTH  EMISSION  PROCESSES  AND 
ABSORPTION
)MPLEMENTATION







OVER    PS  IS  LOWER  THAN    MINUTES  WITH  A  PERSONAL 
COMPUTER 
&INITE SIZE EFFECTS
4HE  CHARACTERISTICS  OF  THE  SCATTERING  PROCESSES  DRIVING  THE 
EVOLUTION  OF  THE  ELECTRON  DISTRIBUTION  CAN  BE  MODI½ED  BY 
½NITE  SIZE  EFFECTS  IN  NANOSCALE METAL  OBJECTS /NE  GLOBALLY 
OBSERVES  THE  REDUCTION OF  THE E¯E AND E¯PH COLLISION  TIME 
WITH  DECREASING  pR   ;¯=  /NE  OF  THE  ORIGINS  OF  THIS 
BEHAVIOUR  LIES  IN  THE  REDUCTION  OF  THE  SCREENING  OF  THE 
ELECTRONELECTRON  AND  ELECTRONION  #OULOMB  INTERACTIONS 
4HE  INCREASE OF THE E¯PH SCATTERING RATE  IS ALSO ASCRIBED TO 
THE MODI½CATION OF THE METAL PHONON SPECTRUM DUE TO THE 
APPEARANCE  OF  VIBRATION  MODES  INHERENT  TO  CON½NEMENT 







THE  ATHERMAL  REGIME  FOR  THE  ELECTRON  DISTRIBUTION  AND  ITS 




ELECTRON CONTRIBUTION  TO  THE  THIRDORDER NONLINEAR  RESPONSE 




IT  CAN  BE  DESCRIBED  BY  A  &ERMI$IRAC  DISTRIBUTION  AT 
TEMPERATURE  eT  ¯ ONE ENTERS  THE THERMAL  REGIME  )T  IS  THEN 
POSSIBLE  TO  INCLUDE  THE  IN¾UENCE  OF  THE  ENVIRONMENT  IN  A 
THREETEMPERATURE MODEL
   4HERMAL REGIME 4HREETEMPERATURE MODEL
%XCHANGES  BETWEEN  ELECTRONS  AND  PHONONS  WITHIN  METAL 
PARTICLES  TWOTEMPERATURE  MODEL  4-	  ARE  VERY  OFTEN 
CONSIDERED ALONE  TO DESCRIBE  THE ULTRAFAST OPTICAL  RESPONSE 
DYNAMICS !ND YET THE PRESENCE OF THE SURROUNDING MEDIUM 
BEGINS  TO  PLAY  A  SIGNI½CANT  ROLE  JUST  AFTER  THE  ½RST  FEW 
PICOSECONDS  FOLLOWING  THE  EXCITATION  AND  THEN  CANNOT  BE 
NEGLECTED -OREOVER  THE 4- DOES NOT  ALLOW  TO DEAL WITH 
LONGLASTING  PULSE  REGIMES  /N  THE  CONTRARY  THE  THREE
TEMPERATURE MODEL  4-	  THAT WE PRESENT HERE ENABLES  IN 











EXCITATION  WITH  WHICH  THE  ELECTRON  GAS  IS  ALWAYS  AT 




)N  THE  4-  THE  THERMODYNAMIC  CHARACTERISTICS  OF  THE 
DIFFERENT MEDIA ARE LIKENED TO THE ONES OF THEIR BULK PHASE )T 
WOULD  BE  RELATIVELY  EASY  TO  INCLUDE  IN  A  PHENOMENOLOGICAL 
WAY  SOME  EFFECTS  LINKED  WITH  CON½NEMENT  4HE  METAL
DIELECTRIC CONTACT  IS SUPPOSED TO BE PERFECT AND A POSSIBLE 





,ET  US  CONSIDER  A  NANOPARTICLE WITH  RADIUS    ISOLATED  IN  A 
DIELECTRIC HOST MEDIUM 4HIS PARTICLE ABSORBS HOMOGENEOUSLY 
A PART OF THE ENERGY CARRIED BY AN  INCIDENT  LIGHT PULSE 4HE 
EQUATIONS  TO  BE  SOLVED  DESCRIBE  THE  ENERGETIC  EXCHANGES 
BETWEEN THE CONDUCTION ELECTRON GAS AT TEMPERATURE   
METAL LATTICE AT TEMPERATURE   AND SURROUNDING MATRIX AT 
TEMPERATURE      ;=  4HE  INPUT  EXCITATION  SOURCE 
TERM  FOR  THE  ELECTRON  GAS	  IS  DESCRIBED  THROUGH   
DE½NED  ABOVE  AND  DEPENDING  ON  PULSE  CHARACTERISTICS 




  IS  THE ELECTRON GAS  SPECI½C HEAT    IS  A  CONSTANT 
DEPENDING ON METAL    IS THE E¯PH COUPLING CONSTANT 4HE 









)T  HAS  TO  BE  TREATED  IN  A  DIFFERENT  WAY  DEPENDING  ON  THE 
EXCITATION AND OBSERVATION CONDITIONS /NE HAS  TO CONSIDER 
THE  HEAT  TRANSPORT  MECHANISMS  IN  THE  DIELECTRIC  MEDIUM 













HEAT  DIFFUSION  FOR  DESCRIBING  CONDUCTION  IN  THE  DIELECTRIC 
MATRIX
    	
WHERE    AND   ARE  THE MATRIX  SPECI½C HEAT AND  THERMAL 














BE  LARGE  AS  COMPARED WITH   7E  HAVE  SHOWN  THAT METAL 
CONCENTRATION PLAYS VIA THESE EXCHANGES A CRUCIAL ROLE IN THE 












OF  PARTICLE  HEATING  IN  THE  OPTICAL  +ERR  RESPONSE  OF 
NANOCOMPOSITE MATERIALS 
4HE CASE OF BALLISTICDIFFUSIVE HEAT TRANSPORT
&OR  VERY  SHORT  TIMES  SMALL  DISTANCES  AND  THEN  HIGH METAL 
CONCENTRATIONS OR FOR MATRICES WITH HIGH THERMAL CONDUCTIVITY 
&OURIER´S  LAW  IS  NO  LONGER  VALID  4HE  "OLTZMANN  TRANSPORT 
EQUATION  "4%	  THEN  HAS  TO  BE  INVOKED  4HE  QUESTION  OF 
THERMAL  TRANSPORT AT  SMALL  TIME AND SPACE SCALES HAS BEEN 
DEALT WITH BY SEVERAL AUTHORS ;¯= !N ALTERNATIVE SOLUTION 
TO THE DIF½CULT IMPLEMENTATION OF THE "4% SO CALLED BALLISTIC
DIFFUSIVE EQUATIONS  "$%	 AND BASED ON  THE  TIME  RELAXATION 
APPROXIMATION  HAS  BEEN  PROPOSED  BY  #HEN  ;=  )T  IS 
PARTICULARLY  SUITED  FOR  THE  STUDY  OF  TRANSIENT  THERMAL 
PHENOMENA AT THE NANOSCALE FOR WHICH  IT HAS GIVEN RESULTS 
QUANTITATIVELY  SIMILAR  TO  THE "4% ONES WHILE  REQUIRING MUCH 
SIMPLI½ED CALCULATIONS )T CONSISTS IN SPLITTING IN EVERY POINT OF 
THE MEDIUM  THE  HEAT  ¾UX    AND  THE  INTERNAL  ENERGY 
  INTO TWO DISTINCT PARTS    AND   

















4EMPERATURE  DYNAMICS  OF  GOLD  NANOPARTICLES  2P  NM	  IN  SILICA 

















0  CF  2EF  ;=	  AND  BY  CONSIDERING  BOTH  THE  ENERGY 
CONSERVATION  LAW  AND  THE  "4%  IN  THE  TIME  RELAXATION 
APPROXIMATION FOR THE  INTENSITY #HEN HAS DEDUCED A SET OF 
EQUATIONS  "$%	  AFTER  AVERAGING  CONDUCTIVITY  AND  PHONON 
MEAN FREE PATH OVER ALL FREQUENCIES ;= 7E DO NOT RECALL HIS 




WHERE    IS  THE  AVERAGE  PHONON  LIFETIME  4HIS  EQUATION 
DIFFERS  FROM THE #ATTANEO6ERNOTTE ONE  IE  THE HYPERBOLIC 










SPHERICAL METALDIELECTRIC  CORESHELL  NANOPARTICLE  4HIS WORK 
HAS BEEN CARRIED OUT  TOGETHER WITH 3 6OLZ  FROM THE %-# 





POWER    7 M  4HE  INTERNAL  BOUNDARY  OF  THE 
DIELECTRIC  SHELL  AT   	  THEN  EMITS  BALLISTIC  PHONONS  AT 
PARTICLE  LATTICE  TEMPERATURE    4HE  "$%  ALONG  WITH 
APPROPRIATE  BOUNDARY  AND  INITIAL  CONDITIONS  ARE  SOLVED 
TOGETHER  BY  A  NUMERICAL  EXPLICIT  ½NITE  DIFFERENCE  SCHEME 
&IGURES  AND  PRESENT THE RESULT OBTAINED WITH    NM 
IN  THE  THERMALIZING  AND  ADIABATIC  BOUNDARY  CONDITIONS 
RESPECTIVELY 4HE ½RST ONE CORRESPONDS TO A FULL THERMALIZATION 
TEMPERATURE    IMPOSED  AT  THE  OUTER  SURFACE	  WHILE  THE 
SECOND  CORRESPONDS  TO  A  FULL  ISOLATION  CANCELLATION  OF  THE 
HEAT  ¾UX  AT  THE  OUTER  SURFACE	  4HE  QUANTITY  REPORTED  ON 
THESE ½GURES IS THE TIME EVOLUTION OF THE RELATIVE TEMPERATURE 
VARIATION  OF  BOTH  ELECTRON  GAS  AND  METAL  LATTICE  )NITIAL 
EQUILIBRIUM  TEMPERATURE  IS  WORTH    +  4HE  RESULTS 
PROVIDED  BY  THE  &OURIER  LAW  HAVE  BEEN  ADDED  FOR 
COMPARISON 
)N BOTH CASES   INCREASES VERY RAPIDLY UP TO  + AT THE 
PULSE  END  !T  SHORT  TIMES  AFTER  EXCITATION     PS	  ENERGY 
RELAXATION  IS  DOMINATED  BY  ELECTRONPHONON  SCATTERING  IN 
METAL AND REMAINS INSENSITIVE TO EXTERNAL HEAT TRANSFER WHICH 
EXPLAINS THAT ELECTRON TEMPERATURE DOES NOT DEPEND ON THE 









"$%  PREDICTS  FROM  THEN  A  MUCH  SLOWER  RELAXATION  THAN 
&IGURE 




LINES	  AND  &OURIER´S  LAW  DASHED  LINES	  4HE  EQUILIBRIUM  TEMPERATURE  IS 
4 + 4HE BOUNDARY CONDITION  IMPOSES 4 AT THE SHELL OUTER SURFACE 















































































&OURIER´S  LAW WHICH  IS DUE  TO PHONON  RAREFACTION AT METAL
DIELECTRIC  INTERFACE  )N  OTHER  WORDS  &OURIER´S  PARABOLIC  LAW 
OVERESTIMATES  THE  POSSIBLE  ENERGY  REDISTRIBUTION  CHANNELS 
DUE TO  ITS  INHERENT ASSUMPTION OF THE EXISTENCE OF DIFFUSIVE 
PROCESSES  AT  ANY  POINT  OF  THE  MEDIUM  AND  AT  ANY  TIME 
-OREOVER AS THE INPUT ENERGY REMAINS FOR A LONGER TIME IN THE 
PARTICLE THE VALUE OF   PREDICTED BY THE "$% IS HIGHER THAN 
THE  ONE  EVALUATED WITH  &OURIER´S  LAW 7E  HAVE  ADDITIONALLY 




MEAN  FREE  PATH  THE  DIELECTRIC  MEDIUM  IS  VERY  RAPIDLY 
ISOTHERMAL  DUE  TO  THE  HOMOGENEOUS  REDISTRIBUTION  OF  THE 
TOTAL INPUT ENERGY WITHIN THE CORESHELL NANOPARTICLE    AND  
 THEN REACH A PLATEAU AFTER ^ PS ONLY ! SLIGHT DIFFERENCE 
BETWEEN  THE  "$%  AND  &OURIER´S  LAW  PREDICTIONS  CAN 
NEVERTHELESS  BE  STILL  OBSERVED  ESPECIALLY  FOR    IN  THE  ½RST 
INSTANTS AFTER EXCITATION
)N A  REAL  EXPERIMENTAL  SITUATION  THE  RELAXATION  IS  LIKELY  TO 
EXHIBIT  AN  INTERMEDIATE  BEHAVIOUR  BETWEEN  THESE  TWO 
EXTREME  BOUNDARY  CONDITION  CASES  DEPENDING  ON  THE 
CONDUCTIVITY  OF  THE  MEDIUM  SURROUNDING  THE  CORESHELL 





)N  SPITE  OF  THE  APPARENT  SIMPLICITY  OF  THE  SURFACE  PLASMON 
RESONANCE PHENOMENON THE ANALYSIS OF THE OPTICAL RESPONSE 
OF  GOLD  NANOPARTICLE  ASSEMBLIES  IS  FAR  FROM  BEING 
STRAIGHTFORWARD  )NDEED  IT  DEPENDS  ON  MANY  PARAMETERS 
REGARDING  BOTH  MATERIAL  MORPHOLOGY  AND  EXCITATION 
CHARACTERISTICS 7E HAVE  INVESTIGATED THE  INTERPLAY BETWEEN 
THE OPTICAL AND THERMAL  RESPONSES OF SUCH MEDIA 7E HAVE 
WILLFULLY  LIMITED  OUR  PRESENTATION  TO  THEORETICAL  APPROACHES 
EITHER COMMONLY USED OR RECENTLY DEVELOPED IN OUR GROUP 
ENABLING TO DEAL WITH DIFFERENT SITUATIONS AND INCLUDING MOST 
OF  THE  TIME  ENSEMBLE  EFFECTS  WHICH  CAN  BE  SIGNI½CANT  IN 
DENSE  NANOPARTICLE  ASSEMBLIES  7E  HAVE  SHOWN  HOW  THE 
INTERACTION OF LIGHT WITH MATRIXEMBEDDED GOLD NANOPARTICLES 
CAN  RESULT  IN  THE GENERATION OF  THERMAL EXCITATIONS  THROUGH 






ULTRAFAST PULSED  LASER EXCITATION  )N A  FORTHCOMING PAPER WE 











  (E  CONDUCTS  HIS  RESEARCH  ACTIVITIES  IN 
THE  )NSTITUT  DES  .ANO3CIENCES  DE  0ARIS 
WHERE  HE  IS  IN  CHARGE  OF  THE  GROUP  FOR 
NONLINEAR  OPTICS  AND  THERMAL  EFFECTS  IN 
METAL  NANOPARTICLES  (E  GOT  HIS  0H$  IN 
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EFFECTS  IN  MATRIX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  BEFORE 
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DOCTORAL 
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